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CHAPTER I

CHAPTER I
INTRODUCTION
Statement of the Problem
This study aims to uncover the amount of summer
forgetting 1 of fourth grade pupils in arithmetic fundamentals
and in abstract problems. A differential analysis in the
variations according to initial scores, intelligence, chron-
ological age, and sex has been made. The relationship be-
tween the amount of forgetting in the fundamentals and the
abstract problems has been noted also.
The success or failure to learn and retain under-
standings and basic facts is of common concern to all workers
in the field of education. It is certainly true that there
is no area where there is more evidence of this concern than
in the teaching of arithmetic. Since the use of mathematics
as a tool is a must in adult life, it is necessary for admin-
istrators and teachers to give attention to the efficient
teaching of the basic number facts and number processes at
the elementary school level. Elementary supervisors often
find teachers who need help in understanding that teaching
- 1 -
((
procedures must be based upon what is fundamental to learning
rather than upon i.vhat will give quick results. It is a re-
grettable fact that teaching to test rather than teaching for
permanent learning is the major objective of many classroom
1/
teachers in our schools today. Catharine Villiams agrees
with this observation when she says: "Teachers of arithmetic
have never really faced the problem of permanent learning."
This study is concerned with one aspect of learning
that makes for permanency. This aspect is retention and the
study is limited to the measurement of the amount of forgetting
of the four fundamental processes that takes place during the
summer vacation. One of the most important factors that in-
fluences retention is the degree of readiness a person has
for any given material. It is knofln that teachers must have
a knowledge of the individual pupil's past experience in and
out of school, his capacity, and his needs, in order to deter-
mine the degree of readiness for instruction on a given tooic.
2/
G. T. Buswell has said that failures in arithmetic may be
traced to three conditioning factors, namely:
1/ Catharine .'Villiaras , Teaching Arithmetic in the Elementary
School . Hinds, Hayden, and Eldredge, Inc. New York, 19U6.
p. 1.
2/ G. T. Buswell, with the cooperation of John Lenore,
Diagnostic Studies in Arithmetic . The University of Chicago
Press. Chicago, Illinois, 1926. p. Hi - 22.

3(1) The material of arithmetic, consisting of
textbooks, practice exercises, and special devices.
(2) The teacher's methods of instruction and
her manner of presenting arithmetic to her pupils.
(3) The methods and mental processes of her
pupils
.
Justification of this ^tudy
Granting, then, that the mental processes of
the individual have much to do with success or failure
in the permanency of learning, it is the purpose of this
study to consider the mental process of retention and to
describe and record some of the evidence revealed by this
experiment. The belief is expressed in Teaching The New
Arithmetic" that the four fundamental processes make up
ninety per cent of adult figuring. In as much as this is
a study of forgetting and we are considering retention in
relation to the factor of readiness, it seems pertinent
to report the opinion of E.A. Bond when he says:
Many topics are being placed in later
grades than has been usual. Among these are
long division. . . . There is little purpose
in attempting to teach a topic for which there
is an inadequate background of preparation and
for which there are few needs, when later on
1/ Wilson, titone, and Dalrymple, Teaching the New Arith-
metic . McGraw Hill Book Company, inc. New ^ork and London,
1959. p. 97.
2/ E. A. Bond, "Recent Changes in Point of View Relating
zo the teaching of Arithmetic", The ^'mathematics Teacher
,
Voliame XXX, April, 1937, p. 177.
r
4there will "be ample preparation and more natural
uses on the level of children's experiences.
It is also of interest to note at this time, in
relation to readiness in terms of capacity, that in the
1/
report of the Committee of Seven "The Committee arbi-
trarily decided that a topic should not be taught until
pupils have reached such mental maturity that three-fourths
of them will make a score of 80 per cent or better in a re-
tention test given six weeks after instruction is given."
The tests used in this study were purposely
chosen on the basis of being narrow function tests since
the results are to be used in making an analysis of dif-
ferentiating factors. Greene, Jorgenson, and Gerberich
support the advisability of this selection when they say:
"Test scores yielded by narrow function tests are more
readily translatable in specific remedial procedures when
needed.
"
This study attempts to analyze some factors in
the learning process that should be considered by the
teacher when working with the pupil in the classroom. The
procedures have been justified by research.
1/ "Report of the Society's Committee on Arithmetic",
Twenty-Ninth Yearbook of the National Society for the Study
of Education. Public School Publishing Company, Blooming-
ton, Illinois, 1930. Quoted by permission of the Society.
2/ Greene, Jorgenson, and Gerberich, Measurement and
Evaluation In The Secondary School. Longmans, Green, and
Company. New York, 1943. p. 2.
rc
iCHAPTER II

CHAPTER II
RESEARCH
Educators today are veering away from the idea of
standardizing learninj^ processes. They are interested in
studying the innate capacities of the individual pupil and
are attempting to record through instruments of measurement,
all of the environmental impacts, immediate and distant,
which have influence upon his learnings or changes in behavior.
Learning was formerly considered in relation to education. Ed-
ucation was thought of as an activity Mrith emphasis upon the
acquisition of subject matter, facts, information, and skills.
The law of readiness was not considered, and all emphasis was
upon memorization. Ye have many examples of this type of
learning. One has only to listen to a group of six year olds
saluting the flag, or saying the Twenty-third Psalm in unison,
to realize the inadequacies of rote learning. Today, we think
of learning in relation to growth. All educational activities
are adapted to the capacities and needs of the individual in
order to bring about his or her maximum development.
The teacher today has many demands made upon her

time and energy. She must be a i-irell adjusted person »d.th
well-rounded interests and a broad background of experience.
She must guide her pupils with understanding and must grasp
every opportunity as it presents itself to stimulate the
learning situation and to encovirage the pupil to self direction.
She needs also to realize that condi tions that make for effec-
tive learning have a favorable influence upon retention, iviany
teachers ignore the fact that learning takes place quickly vvhen
the material is within the range of the learner's ability. Rep-
etition of an act for its omi sake, or upon the simple imitation
of, and direction by, the teacher, in an activity which is really
the teacher's, and not the pupils', is a too common practice in
the classroom. A good illustration of this is the use of a
flash card drill in arithmetic .Then all of the pupils take a
turn in responding, and between turns are as far away from
arithmetic and the classroom as the limitations of their minds
will allow.
'."/hen, ho'.vever, the teacher sets up an appropriate
situation for learning, bearing in mind all the factors that
must be considered, the learner will not be confronted with
uncertainty and confusion. Tn other words, he will not go
through the motions with no insight into what he is doing.

Effective -Learning
Since this is a psychological study concerned vfith
an analysis of some factors that ^nay have an influence upon
summer forgetting, it is well to point out to teachers of
elementary school pupils possible explanations of the follow-
ing: ';Vhat makes for effective learning, and in what way does
presentation of material influence it? How is retention re-
lated to effective learning?
'{hen we consider the factors that influence learn-
ing and retention, we immediately think of such things as
rate of learning, degrees of retention, levels of abilities
and disabilities, emotional stability and social adjustment.
Teachers must realize the importance of these factors in re-
lation to the gro.Tth of the individual. If there is a com-
plete understanding of these points of emphasis, then the
classroom teacher knows that merely giving instruction and
exposing the individual to the laws of learning, hoping that
some of them will take, is not enough. They must realize that
they are dealing with a learner who is exposed to many environ-
mental influences, both in and out of school, that will need
to be understood and considered. .Material used in the learn-
ing situation will have to be fitted to the needs of the
maturity and interests of the learner.
It is important to have a clear concent of vvhat
€(
constitutes effective learning, as .ve consider factors in-
volved in its achievement, Edward L. Thorndike has said
that the ability to retain and use /rhat is learned is effec-
tive learning. In other words, the acquisition of facts or
skills is not of value unless one has the ability and the
habit of using these facts or skills tvhen they are needed,
Dr, Thorndike says: "A meaningful situation and response
plus desire, plus satisfaction in the process or outcome
provides the most effective conditions for learning," It
may be seen that a meaningful situation plus desire implies
readiness and motivation. Satisfaction in the process and
outcomes, requires success on the part of the learner with
a clear understanding of the goals to be achieved as well as
the reason for their attainment
Dr. Gertrude Hildreth believes that readiness
and experience will influence the "initial pick up", as she
calls it. She feels that interest and effort -Arill affect
the rate of progress of learning. She says:
Retention will vary with follow up practice
and memory. .., the better the memory, the more suc-
cessful and rapid will be the results. Ability to
retain what is learned so that the skill can be
1/ Edward L. Thorndike, The Fundamentals of Learning.
Teachers College Bureau of Publications, Columbia University,
New York. 1932. p. 20 - 27.
2/ Gertrude Hildreth, Learning the Three R's - A Modern
Interpretation
. Educational Publishers, Inc. Minneapolis,
Mnnesota, 1936. Chapter IT, p. 53.

performed or the problem solved as readily as dur-
ing a training period, depends upon the form and
length of practice, meaningfulness of the situation,
the learner's desire and effort to retain ifhat he
has learned, and upon the nature of the skill or
problem. Meaningful practice and use are more con-
ducive to permanence than meaningless nonsense.
If there is agreement with the statement that effec-
tive learning requires that the learning situation must be
meaningful, then consideration must be given first to readi-
ness, as -ffell as stimulation or motivation, in any activity
at any level of grovvth. It is knovm that readiness for learn-
ing implies a degree of mental, physical, emotional, and social
maturity that will make learning more effective. Thorndike
has based his theory of readiness upon the principle that it
is necessary to bring a stimulating situation and the indi-
vidual pupil into a favorable relationship in order to pro-
vide desired learning. It is necessary to understand that
(1) pupils may be ready for particular kinds of learning, and
not ready for others, at any stage of maturity. For example,
children at the age of six years may be ready for reading,
and at the same time, have a decided underdevelopment in motor
skills, such as catching a ball, jumping rope, and riding a
two-wheeled bicycle j (2) readiness may be incomplete because
the motivation or stimulating experience in which the pupil
is placed is lacking in some important respect. For instance,
we may see pupils in a third grade not completely ready to
c
learn hew to write a letter, if the need to write a letter is
not present.
To be completely ready for learning means, there-
fore, to have the needed maturity required for the learning
and to be in a situation that calls for the activity. The
relationship between degrees of maturity, both general and
special, and stimulating situations is one of the most impor-
tant understandings for teachers to keep in mind.
The second consideration should be satisfaction in
the process and in the outcomes of the learning. A learner
needs to understand not only how his efforts are related to
results, but also ho»T his failure or success is dependent
upon his oivn knowledge or skill. If he does not have this
understanding, effective learning cannot take place. Any
desired learning grows out of an appropriate activity .vhere
the learner can see accomplishment, can see himself approach-
ing at least one objective he has set up for himself, and has
a clear understanding of how his actions have brought about
successful or unsuccessful results.
Retention and Forgetting
How retention is related to effective learning is
another understanding that teachers in the elementary schools
need to give thoughtful consideration. It is of first Lmpor-
c1
tance to realize that retention of any given material will
be aided (1) by a good social and emotional setting, and
(2) by methods of instruction provided to bring out the
meaningfulness and usefulness of the acquired knowledge.
In other words, learning will endure only in so far as the
learner finds it meaningful and has a need to use it often.
It is a sad commentary upon our schools today that so much
subject matter has so little apparent value to the pupil,
that it is rapidly forgotten.
It has been determined that, in general, forgetting
proceeds rapidly at first and then decreases slowly, that the
rate of forgetting is influenced by the subject matter being
taught, and that social participation has a positive effect
on retention. If the purpose of learning is understood by
the learner, permanency is more likely to result. Teachers
must not teach to test, rather they must teach to give the
pupil something he will need to use outsid?: of his school
environment.
Before going on to a discussion of this study of
the measurement of the amount of forgetting in arithmetic,
it is important to consider some outstanding contributions
in the field of research in the areas of retention and for-
getting.

y
'Tilliara A, Erovvnell says that in the reorganiza-
tion of instructional material in arithmetic, provision will
be made to make the arithmetic less a challenge of the pupil's
memory, and more a challenge to his ability,
2/
T. R. McConnell points out that this proposed
change is influenced by the factors involved in effective
learning. He says:
Results of investigations of the level of
maturity necessary for the economic learning of
arithmetic processes are probably also function-
ally related to the method by vrhich the subject
learned this process.
3/
Clifford '<Voody, in an article entitled, "An
Analysis of Differences in the Learning of Bright and Dull
Children", tells us that although he denies any intrinsic
differences in the learning of the bright and dull groups
in general, he does admit that there are differences in the
responses to any given situation which is difficult enough
to challenge each group. He says:
1/ ^Yilliam A. Brownell, "The Evaluation of Learning in
Arithmetic", Arithmetic in General Education , Sixteenth
Yearbook of the National Council of Teachers of ii'iathematics.
Bureau of Publications, Teachers College, Columbia University,
New York, 19^1 . Chapter X.
2/ T. R. McConnell, "Recent Trends in the i^earning Theory:
Their Application to the Psychology of Arithmetic", Arithmetic
in General Education
,
Sixteenth Yearbook of the National
Council of Teachers of 'athematics. Bureau of Publications,
Teachers College, Columbia University, i\e<n York, 19^1. Chapter
II, p. 288.
3/ Clifford Woody, "A Report from the University of Michigan
School of Education", Bulletin VIII
,
December, 1936, p. 37 - 38,

";/hen the rate of learning and the thin-^ to be learned are
adjusted to the needs of the learner, the stage is set for
the application of the laws of learning."
Probably some of the most often quoted contributions
to research in the field of memory and retention are those of
y
Ebbinghaus, Neumann, and Radossavviie.vitch. E. Meujnann tells
us that two factors tViat may be regarded as genuine functions
of memory, namely, imprinting and the forming of associations,
are chiefly significant for permanent retention or for the
genuine function of memory. He also says:
The more complete the .^.astery and the more
perfect the command which ;ve wish to obtain over
any memory material, or the more easily, certainly,
and permanently, and the more accurately and com-
pletely we wish to be able to reproduce it, the
more must we bring into operation this activity of
sheer imprinting and its chief means - the attentive
repetition of the material.
2/
In describing the exper_ment of Ebbinghaus- he
states
:
The chief results of his experments were: 'For-
getting proceeds rapidly at first then gradually more
and more slowly'.... This gradual retarding progress
indicates that complete forgetting would theoretically
not ensue until after an infinity of time had elapsed.
1/ E. Meumann, The Psychology of Learning - An Experirgental
Investigation of the Boonomy and Technique of i^iemory
,
translated
from the third edition, by John /.'allace Baird, of The Economy
and Technique of Learning . D. Appleton and Company, New York,
1913. p. ilSy 256, 331, 335.
2/ Loo. cit.

From this behavior of memory Ebbin^haus derives the
following general principle: Forgetting progresses,
not in direct proportion to the time elapsed but in
proportion to the logarithm of the time. . . .Ebbinghaus
employed but a single method of learning; he wholly
failed to determine which procedure in learning gives
the most accurate and permanent retention.
y
It was P. R. Radossawije.vitsch who made an important
contribution vvhen he investigated the amount of forgetting in
children and found that both children and adults forget more
slowly than in the experiment carried on by Ebbinghaus.
2/
J. A. McOeoch and P. J, ''Vhitely report:
Methods of learning and methods of testing are
relevant to the form of the curve of retention. In
case of memorization, results are in agreement mX\\
Ebbinghaus, The earlier performances of our subjects
were better than their later performances. Learning
by understanding brings different effects.... The
average performance made several weeks after training
was as good as immediately after training.
3/
R. S. 'Voodworth siimmarizes our present knowledge
of reminiscence by emphasizing the possibility of reviewing
between earlier and later tests and point to experiments which
make it seem probable that "recall acts upon the learning
material as a whole and not only upon the units that are
reproduced"
,
1/ Leonard Charmichael, Editor, ftonual of Child Psychology .
John '.Yiley and Sons, Inc., I9I48, p. al5.
2/ Arithmetic in General Education
,
op. cit.
3/ Robert S. Woodworth, Experimental Psychology . Henry Holt
& Company, New York, 193H^ p. 233-260.

John Dewey expresses the same belief in a slif^htly
different way when he asserts: "Training by isolated exercises
leaves no deposit.... lea-is nowhere and even the technical skill
acquired has little radiating power or transferable value."
Many other students of research have carried on
studies that establish the fact that forgetting is greater
in nonsense than in meaningful material. It has also been
2/
established that:
The same subjects learning the same material
at the same time under the same conditions, on the
one hand, forget rapidly, or on the other hand, re-
tain what is learned, depending upon whetner the
criterion of learning is a fixed routine response
or a grasp of the meaning substance.
'.Y. 3. Sleight, in reporting on"Exper:jnental -studies
of Memory and Formal Training", says that the British Journal
of Psychology reports an experiment in measuring memory. It
was conducted in the following way. Tests were given to as-
certain the memorizing power of each child at the outset.
Then there followed a practice period of one half hour daily
for three .reeks. Tests were administered at the end of the
three week period. The procedure Aras repeated several times.
1/ John Dewey, How .'ve Think . D. C. Heath Company, Boston,
1933. p. 191.
2/ H. B. English, E. L. yVellborn, and C. D. Killian, "Studies
on Substance ^viemorization" , Journal of General Educational
Psychology
,
Volume XI, 19314. p. 233^- 260.

A summary of the experiment included the follovifing items:
The existence of co;ninon elements in two
memorizing processes, though necessary, is not
sufficient. To involve transfer the common elements
must be separable from the complexes in .vhich they
occur. This process of disintegration usually ren-
ders the improvement brought about in the related
subject, smaller than that reached in the practice
subject. The effects of 'indirect' practice, do not
in general appear to last long beyond the period
where practice ceases. The effects of 'direct' prac-
tice are in general incomparably greater than those
of indirect practice.
This study which attempts to measure forgetting in
the four fundamental processes in arithmetic also attempts to
show the relationship between the forgetting in these pro-
cesses and the forgetting that takes place >vhen these processes
are used in abstract problems designated in this study as "the
promotion test". It is kno'^ that transfer of learning means
the application of material from an original situation to a
2/
new situation. According to Thorndike:
An arithmetical bond may operate perfectly if
just the same conditions are maintained as existed
during its formation and may operate imperfectly,
or even not at all, if these conditions are some-
what altered. . . . Theoretically, any change in the
accompanying conditions or circumstances may disturb
the operation of any bond or mental condition.
1/ W. G. Sleight, Readings in Psychology , Charles E. SKinner,
Editor. Farrar Rinehart, Inc., iMew lork, 1935. p. 35^.
2/ E. L. Thorndike, New :fethods in Arithmetic . Macmillan
JJompany, New York, 1921.

y
Charles H. Judd reports:
The highest po'-vers of the mind are general, not
particular; that mental develorment consists not in
storing the mind ivith \ terns of kno'.vledge nor in train-
ing the nervous sj'-stera to perform with readiness,
particular habitiial acts, but rather in equipping
the individual ;vlth the pover to think abstractly
and to form general ideas.
'(Then the ends thus described are attained, trans-
fer of training or formal discipline has taken place
because it is the very natiire of generalization and
abstraction that they extend beyond the particular
experiences in which they originate.
2/
James R. Overiaan in reporting an exoeriment in
transfer of training states that the report is a study of
instruction .with these types of examples: two-place addition
with the ability to handle three-place addition, two-place
substraction with the ability to handle three-place subtraction.
It attempts to determine whether the amount of transfer is a
function of the method of teaching. His findin :s were:
"Generalization and rationalization vere most effective in
producing transfer with pupils in the highest third of the
group in relation to mental age."
It has been said that forgetting cannot be caused
wholly by a lapse of time. It has also been said that the
1/ Charles H. Judd, Psychology of Secondary Education.
Ginn and Company, Boston, 1927. p. iUi-l.
2/ James R. Overman, An Experimental Study of Certain
Factors Affecting Transfer of Training in Arithmetic.
:¥ar-wick and York, Inc., 1931. p. 31 32, 120 - 121.
C
reason for forgetting may be found in what goes on within
that lapse of time. If this is so, then two processes which
induce forgetting must be considered in relation to this
study. The first is interference, which tends to destroy
memory traces. (Memory traces are caused when the brain
is affected by positive stiiiuli. ) .Ve can safely assume that
during a summer vacation, no process of interference has
been met with by the average ten year old child. The second
process to affect retention is atrophy, which means that
memory traces are often destroyed by lack of use. Since this
lack of use, particularly in relation to abstract problems,
is evident in this study of summer forgetting, it is well to
y
give thought to the experimental evidence of John A. liicleoch
which shows that the law of disuse does not account for the
phenomena of forgetting. He makes the statement that two
necessary conditions of forgetting are interpolated activities
and altered stimulating conditions,
1/
It is the opinion of the writer that Dr. Morton
has the correct idea when he asserts: "It is a basic assumption
that people do forget what they have learned and that they grow
in their ability to understand i.deas." Dr. Morton bases much
1/ John A. McGeoch, "Forgetting and the Law of Disuse",
Psychological Review
,
Volume XXXIX, July 1932, p. 3^2 - 370.
2/ R. L. '^/lorton, A Straight Talk to Teachers of Arithmetic .
Silver E\irdett Company, New li^ork. p. lU.
r(
of his urogram in the teaching of arithmetic upon this
philosophy when he stresses the importajice of re-teaching
and places much emphasis upon the expansion of understand-
ings in the development of arithmetical concepts.
The underlying purpose of this investigation has
been to determine through an analytical study, some possible
factors that influence forgetting and to point out possible
approaches that can be used to ctecrease this forgetting. It
has been found that curves of forgetting vary. Various
studies have been made to determine the effects of the summer
vacation upon retention. In reaiing, due to the fact that
there is practice in various reading activities during the
vacation period, an increase in skill is often found in Sept-
ember. In arithmetic, however, there is little opoortunity
for out of school practice during the summer and so we find
that some forgetting does occur. This all goes to strengtnen
the truth of the statement that the effective approach to
permanent learning is through the use of material that is
meaningful and that best fits the needs and capacities of the
child.
r
II'
CHAPTER III
4^
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CHAPTER III
THE METHOD OF PROCEDURE IN SECURING DATA
Selection of Pupils
This study deals witn a group of I76 fourth grade
children from tvvelve elementary schools in Gloucester, Mass-
achusetts. Their environmental background, both economic and
social, for the most part is reasonably similar, although the
fact that they come from Italian, Portugese, Finnish, S.vedish,
Jewish, ani English speaking families does seem to be worthy
of notice.
The median age for this group in June
,
19h^ vvas
ten years and one month. The median I. Q. taken from group
tests scores (Kuhlmann -Anderson) showed a range of I. Q.
from 65 to 121 with a median I. Q. of 97.^.
Selection of Tests
Since the purpose of this study is to determine
the amount of forgetting in the four fundamental processes
in arithmetic during the summer vacation, it ;fas thought
expedient to include the three hundred and ninety number
facts involved in those processes. Palmer 0. Johnson, in
e
y
discussinf; "The Differential Functions of Examinations", says:
"If examinations are to "^ive measures of thp extent to which
each of the purposes of instruction is attained, then all of
these purposes that are amenable to measurement should be
represented in the examination."
This study does not concern itself ivith one hundred
per cent accuracy but is limited to a comparison of June and
September scores in relation to the amount retained. Tt ivas
felt that results would be most accurate if all the possible
items were measured.
Administration and Scoring of Tests
Tests in the addition, subtraction, multiplication,
and division facts were given each pupil in June and again
the first ".\reek of school in September. The promotion test
2/
taken from the arithmetic text book used by these pupils
was also included in this battery of tests. These tests were
mimeographed on separate pieces of paper in order to reduce
the amount of pencil work. They were not timed but were care-
fully supervised. The number oi tests taken by the pupils at
one sitting was left to the discretion of the teacher, tony
of the children took the first four tests with no intermission.
1/ Palmer 0. Johnson, "The Differential Functions of Examinations",
Journal of Educational Research
,
Volume XXX, No. 2, October, 1936,
p. 93.
2/ Upton Strayer, Social Utility Arithmetic . American Book Company,
New ^ork, 19U7. Revised edition.
c
The time of day selected for the testing was eleven
A.M., and was uniform throughout tne city. The reason for
this is explained in the finding's of Dr. Arthur jates who
y
asserts: ''In the mental fijinctions such as addition. ... , visual
and auditory memory, recognition and complete efficiency is
lowest in the first, and highest in the last morning period."
The tests were scored by the teachers who corrected
each paper as a pupil read the correct scores from a key. All
test results Arere checked for possible errors and ail informa-
tion was recorded on individual record cards. These cards with
information recorded contained all items used in this study.
1/ Arthur I. frates. Psychology for Students of Education .
Macmillan Company, New York, 1930. p. 3ii3.
rr
FIXTURE I
INDIVIDUAL RECORD CARD FOR ^'ACH PUPIL
Pupil's Name
Chronological Age in June
I. ^, (Kuhlmann Anderson)
ARITW^.TTC TEST SCORKS
NUT'ffiER COR- IN Ai.'IOUNT OF
i' ' '.t : • . ! ' 7
/Addition
^
Subtraction
'Multiplication
Division
'-'rornotion Test

CHAPTER IV
II
ec
CHAPTER IV
INTERPRETATION OF RESULTS
The results of this study will be discussed under five
headings
.
I» Does Chronological Age Influence Summer forgetting ?
The distribution of pupils according to C.A. is
considered first. It must be observed that, since the first
grade entrance age in Gloucester is five years and nine
months, the age of a pupil neither retarded nor accelerated
may range from a possible nine years and six months to ten
years and six months at the time this study was begun in
June. It was this June age which was recorded for use in
this investigation!
TABLE I
A DISTRIBUTION OF CASES ACCORDING TO CHRONOLOGICAL AGE
TOGETHER VJITH THE PERCENTAGE OF CASES IN THE DIFFERENT
AREAS OF DISTRIEUTIfN
CHRONOLOGICAL
AGE
NUMBER OF
CASES PERCENTAGES
Above 1£ years 4 .02
12 years 9 .05
11-6 to 11-11 years 6 .03
'11-0 to 11-5 years 12 .06
10-6 to 10-11 years 10 .05
10-0 to 10-5 years 73 .411 .65 per cent with-
9-6 to 9-11 years 43 .24 Jin possible age
9-0 to 9-5 years 18 .102 range in June
8 years 9 months 1 .005
Total: 176 cases
c
It may be concluded that with .65 per cent of
pupils falling within the possible age range, the distri-
bution is reasonably normal. It should be noted that the
percentage of pupils whose C.A. is above this range is
more than twice as great as those below this same range.
TABLE II
THE MEDIANS AND QUARTILE DEVIATIONS OF THE NUMBER OF ITEMS
FORGOTTEN 'AITHIN FOUR CHRONOLOGICAL AGE GROUPS IN THE FIVE
TESTS USED IN THIS STUDY
C.A. ADDITION
SUB-
TRACTION
ra^LTi-
PLICATION DIVISION
PROiv:OTION CASES
IV:D Q, ,.'D Q ;.D G i\;d
12/ yrs 2 1 0 0 0 1.5 1 1.5 .5 . ,2.5 13
11 yrs 0 1 0 0 1 5.5 5 3 3 2 1R
10 vrs 0 1 0 0 2- 3 3.5 3 3 2 83
. 9 yrs 0 1.5 0 0 2 0 4 4 4 2.5 62
This table shows the number of items forgotten
according to four chronological age groups in terms of median
scores and quartile deviations. It is obvious that the loss
is negligible in the tests of the four fundamentals, when we
consider that these tests included from ninety to one hundred
items each. The higher medians and quartile deviations for
the promotion test could be influenced by the fact that num-
I
ber of item.s tested ranged from nine to nineteen - nineteen
problems representing the upper limit and nine being the low-
est result recorded. It should be noted that this increase
€
II
in the amount of forgetting in the abstract problems of the
promotion test could be influenced by a lack of understanding
of space relationships. It could also be influenced by a
lack of usage during the learning period. Both usage and
understanding have a great influence upon retention.
II. Do Bright Children Forget as much as Dull Children?
This section is concerned (1) with the frequency
distribution of the group in terms of I.Q,., (2) with the
median and quartile deviations for the number of test items
forgotten in each test, within four I.Q. ranges.
TABLE III
THE FREQUENCY DISTRIBUTION OF CASES IN TERIVIS OF I.Q. TAKEN
FROM RESULTS OF KUHLMANN Al^IDERSON GROUP TEST
I.Q. SCORES WITH CLASS KTERVALS OF 1- IVE
Integral Limits Real Limits Frequency
119 - 125 113.5 - 125.5 5
114 - 113 112.5 - 118.5 10
109 - 115 108.5 - 115.5 15
104 - 108 105.5 - 108.5 22
,
99 - 105 98.5 - 103.5 30
94 - 98 95.5 - 98.5 52
89 - 95 88.5 - 95.5 17
84 - 88 85.5 - 88.5 19
79 - 63 78.5 - 85.5 12
74 - 78 75.5 - 78.5 10
69 - 75 68.5 - 73.5 3
64 - 68 65.5 - 68.5 1
Total: 176
The median I.Q. falls at 97.5. The quartile
deviation is 8.545/.
r
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FIGURE II
> DISTRIBUTION OF INTELLIOFNCE %totIF,NTS
(Kuhlmann Anderson)
65 X
69 XX
( J X
Ih XX X
75 X
76 XX X
79 XX XX
81 XX XX XX
82 XX
83 XX X
Qh XX XX XX X
85 X
86 XX X
87 XX XX
88 XX XX
89 XX XX
90 XX
91 XX XX X
92 XX X
93 XX X
9k XX XX XX XX XX X
XX XX
96 XX XX XX X
97 XX XX ^ TlAorl-i nrt 07 ^ T r\
93 XX .XX X
99 XX XX X
• .
160 XX XX XX XX XX X
101 XX XX X
102 XX XX
103 XX XX X
lOU XX XX X
105 XX XX X
106 XX XX
107 XX XX XX
108 XX
109 XX XX XX X
110 XX X
111 XX
1 113 XX X
w iih XX XX XX X
115 XX
116 X
118 X
120 XX
1
123 XX
\
1

Figure II shows that while the median I. Q. is 97,5,
there is a greater spread in the lower two quartiles.
TABLE IV
& COMPARISON OF MEX'IANS AND QUARTILE DEVIATIONS
IN FOUR I. Q. GROUPS
ADDITION TRACT 1 OK
i./uLTI
FLIGATICK DIVISION
PROIv'iOTION
T^3T cat.e;
^D ' r
100/
Jii,-h 0
100-109
_HlKh Av
.
2 2.5 4 2
90-99
,
Lov. Av
.
0
^^60-39
0
'Total
:
It may be observed from this data that there is a slight
increase in the amount of forgetting in the multiplication,
division, and promotion tests. There is little difference
within the I.Q. groups. This would justify these two state-
ments: (1) the learning curve of the retarded child is
similar to that of the normal child of the same mental age,
(2) memory is not necessarily dependent upon intelligence.
III. Do Boys Forget iViore Than Girls?
In this section, the differences in the amount of for-
getting between boys and girls are noted.

TABLE Y
A COIv'PARISON OF MEDIANS AKD QUART ILE DEVIATIONS
IN THE AMOUNT OF FORGETTING OF BOYS AMD GIRLS
SEX
1
ADDITION
SUB-
TRACTION
MULTI-
PLICATION DIVISION
PROMOTION
TEST CASES
Jv'ID r.1D q r,TD m
Boys 0 .5 0 1 2 3.5 2.5 3 2.5 96
Girls 0 1 0 i 1 ^7 ^ 4 3
-
" 80
Total: 176
This table indicates that in this experiment
girls forgot slightly more than boys. It also supports
1/
the statement made by Frank S. Freeman that in the
matter of number concepts and abilities in arithmetic, the
weight of evidence favors the male group in all tests in-
volving the use of number. He says, "On the whole it
appears from available data, that true se:x differences
exist with respect to numerical abilities in children
above the age of about eight years and in m.ature
individuals.
"
1/ l?rank ^. Freeman, Individual Differences . Henry Holt
& Company, New York, 1934. p. 203.
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IV. V>hat is the Relationship of the Amount of Forgetting
In the Four ^fundamental Processes to the Amount of -bor-
getting In the ir'romotlon -'•est?
TABLE VI
A COMPARISON OF THE AVERAGE MEDIAN OF FORGETTING IN THE
TESTS OF THE FUIJBAKEInITALS AS AGAINST THE I^EDIAlvJ OF FOR-
GETTING IN THE PRO?'OTICN TEST
GROUPS
AV. MEDIAN
OF FORGET-
TI1;G Ir: FOUR
FUNDAMENTALS
MEDIAE,' IN
PROl^OTION
TEST
DIFFERENCES
IN
MEDIAN S
NUMBER
OF
CASES
I
12 yrs / .75 5 4.25 ^
11 yrs 1 3 2
I
IB
10 yrs 1 3 2 83
9 yrs 1 4 3 62
II
I.Q.
110 / 1.25 3 1.75 15
100 -110 .75 4 5.25 58
90 - 99 1 4 3 49
60 - 89 .75 2 1.25 54
III
SEX
DIFFERENCES
Boy? .75 5 2^25 _ _ _ 96
Girls 1.5 4 2.5 80
Results indicate in Group I there is slightly
more forgetting in abstract problems at each end of the
C.A. level. In ^roup II, the I.Q. group, evidence suggests
that there is slightly more forgetting within the range of
the middle half of the cases. Results of ^roup m indi-
cate no observable difference in the amount of forgetting
between fundamentals and promotion test. In every group
there is evidence of an increase in forgetting in the pro-
motion test.
f
V» Vvhat l3 the Relationship between June -Scores and the
Amount of -forgetting In Septexnber ".bcores ?
TABLE VII
RELATION OF JUNE SCORES IN ADDITION TEST TO THE
AMOUNT OF FORGETTING IN SEPTEMBER IN TERMS OF PERCENTAGES
WITH SPECIAL REFERH^CE TO HIGH VERSUS LOW PUPIL SCORES
Items Correct
June Scores: 100 99 98 80 to 97 inclusive
Percentage of No
Items Forgotten: 60 62 46 30
Percentage of 1 to 5
Items -i^orgotten: 34 22 40 40
Percentage of over 5
Items Forgotten: e 16 13.94
Percentage of Sept.
Scores with Gains: 0 0 .06 30
Number of Pupils: 121 27 15 13 Total: 176
It Is to be observed that the amount of forgetting
increased as original scores decreased. In the thirteen
cases with scores under 98 per cent in June, there was the
greatest percentage of forgetting. However, 80 per cent of
September gains occurred in this group.
I
TABLE VIII
RELATION OF JUNE SCORES IN SUBTRACTION TO THE AMOUNT
OP FORGETTING IN SEPTEMBER IN TERMS OF PERCEIvITAGES
WITH SPECIAL REFERH\'CE TO HIGH VERSUS LOV; PUPIL SCORES
Items >orr-ct
June ocores: 100 99 98 80 to 97 inclusive
Percentage of No
Items -t'orgotten: 55 60 55 18
Percentage cf 1 to 5
Items Forgotten: 6 5 2 c 15 27
percentage of Over 5
Items Fcigotten: 1 ^ 14 51.85 28
Percentage of oept.
Scores with Gainr--
Numb e r o 1 I up 1 i c
•
11 -..:;,c.j.: 17e
The tendency to forget increases in comparison w ith
the results in the addition table. It may be seen that
the greater amount of September gains are still found in
lower scores.
TABLE IX
RELATION OF JUNE SCORES IN MULTIPLICATION TO THE AMOUNT
OP FORGETTING IN 3EPTEJ/:BER IN T^RI^'.S OF PERCEI^' TAGES
WITH SPECIAL REFERENCE TO HIGH VEnouS LOVv PUPIL SCOPJES
Items Correct
June Scores; 100 99 98 89 to 97 inclusive
Percentage of i^o
Jltems Forsotten: _ 29 55 19 18
Percentage of 1 to 5
JteffiS torgQtten: 59 17 55 54
Percentage of Ov-r 5
-Items Forsotten: 52 27.97 47.96 27
Percentage of Sept.
Rcoren with ^^i^^s: 0 .04 21
Number of Pupils: 94 29 21 52 Total: 176

It Is observed that the number of cases with lower
initial scores is increasing while the percentage of for-
getting seems comparable with Table VIII subtraction
scores. The percentcige of September gains is slightly-
lower in this table.
TABLE X
RELATION OF JUNE SCORES IN DIVISION TO THE AMOUNT OF
FOKGETTING IN SEPTEMBER IN TERI'.^S OF P^.RCEMTAGES WITH
SPECIaL REFERENCE TO HIGH VERSUS LOW PUPIL SCORES
Iter!.s Correct
TJ\m«= Scores:
o.o 88 76 to 37 'r. elusive
Perc'enta^-e ol ivO
Items Forp;otten: J. l£jL 18 /
Percentage of 1 to 5
Items Forgotten: 55 56/ 25 44 /
Percentage of Over 5
Items ir'or^otten: 22 26 /
Percentage of Sept.
^orea with G«in.s:
Num' ' . . . . 1^;.
:
t?6 50 12 38 Total: 176
This table shows trends similar to those indicated
in the preceding one in multiplication - a decrease in
percentage of no forgetting and a decrease in the per-
centage of pupils with September gains.
i
54
TABLE XI
RELATION CF JW.E SCORES L' THE PKOyOTIOiN TEST TO THE AMOUNT
}
OF FORGETTING IN SFETEMBER IN TERIviS OF PERCENTAGES VvTTH
SPECIAL REFERENCE TO HIGH VERSUS LOW PUPIL SCORES i
Items Correct
June Scores: 19 18 17 16 6 to 15
Percentap-e of No
Problem. a .orgotteni ii 10 / 6 / 41 / IL
Percentage of 1 to 5
j^roblems Forgott_en : o4 / ol 50 41 / 46
Percentage of Ov'^r 5
Pi-oblems forgotten: 21 29 / 45 / 16 /
- '\
Percentage of Sept.
jScores with Gains: 0 0 0
]\j um>' ''^ r 0 f rur i 1 s : ^7 22 12 49
.
In the promotion test the most forgetting occurs
in the area of from one to five problems. The percentage
of no problems forgotten was low with the exception of
June score of 16. September gains were found in lower
initial scores and the percentage of gains was comparable
with Table VII.

iI.
CHAPTFR V
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CHAPTER V
GONGLUSIOKS
Siimmary Statement
The one hundred seventy-six elementary school
pupils included in this investigation, from grade four in
the Gloucester Public Schools, may be said to represent a
typical group of an average elementary school population.
The chronological age median of 10-1 and the median I. 0.
of 97.5 are within the normal range. The distribution of
sex is very nearly equal. These facts are important to
keep in mind since the study is one of deterTiining the re-
lationship bet'/veen the amount of sumTier forgetting and
chronological age, intelligence, sex differences, initial
scores, and abstract problems.
The follovving observations seem vorthy of note
in summarizing the results of this investigation.
(1) In this study of forgetting with reference
to chronological age, it ^as noted that the older children
forgot less in tests of fundamentals, while in the promotion
test there was less xorgetting within the ten and eleven
(r
year groups.
(2) In observing the amount of forr^ettdng in
relation to intelligence it may be said that the greatest
amount -vas evident in the promotion test. Less forgetting
was found ;/ith the lower I. 0. groups.
(3) A comparison of the amount of forgetting
between boys and girls showed no difference in tests of the
fundamentals with the exception of division, where the girls
forgetting was greater. This same increase in forgetting on
the part of the girls was noted in the promotion test.
(U) In a comparison between the amount of forgett^n^
in the fundamentals as against the promotion test, it was
noted that in the C. A, group there 'was more forgetting in the
promotion test at the nine and twelve year groups. In the
group divided into I. Q. sub-divisions, it was observed that
there was more forgetting in the pro:notion test in scores of
pupils in the middle range. Toys and girls showed only a
slight difference in amount of forgetting in this comparison
with the results slightly in favor of the boys.
(5) In general, pupils with high initial scores
forgot less in September. September gains were found only
ivith pupils scoring at the lower range in June.
The findings in this study iniicate that chrono-
logical age, intelligence, and sex differences have only a
very slight effect upon summer forgetting in the foxir funda-

mental processes of arithmetic. It tends to indicate that
mental age, rather than intelligence, may be one of the most
important factors influencing^ retention. The consistent
increase in forget-cing, in all areas, of the abstract prob-
lems in the promotion test, make it seem evident Lnat .tore
eraphas;' s is needed upon developing understandings and rela-
tionships in arithmetic as well as providing opportunities
for its use in the probie-ns of 'iaily living.
Limitations and iVeed For Further Research
This investigation raises many questions .vhich are
Lmpossible to ansiver >vlthout further research. The following
inadequacies may be notedt
(1) The number of pupils v^as too small for an
unbiased judgment.
(2) lidely existing variations in methods of
instruction were used by the classroom teachers.
(3) There was no available information regarding
the attitudes of the pupils toward arithmetic, nor 'Aras there
any data regarding pupil aporeciation of quanti.tative thinking.
In considering the need for further research it is
suggested that evidence be uncovered relative to these
questions:
(1) vVhat uses are made of arithmetic in the daily
life of a ten year old during the su.nmer vacation?
i\
(2) That are some of the daily experiences in
the life of a ten year old that require quantitative thinking
and ruanipulation?
(3) To AThat degree do methods of presentation of
materials affect the perinancy of learning in arithmetic?
The results of such investigations might well be
used in planning the classroom program in arithnetic for
grades four and five.
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SUBTRACTION
6 11 9 6 8 9 16 7 13 83_2k236_73jil
2 10 15 3 ^ 12 9 111 2 92_9_601_6 i_i 18
^ 9 11 10 6 8 U 7 12 Uk_0_3_Ul2 1 i J. k
I118392157 Uli;2_U817q_7U 1 _!
6 12 10 7 11 5 9 16 8 175_3_60J73 1_2 I_§
8 6 U 13 10 111 U 10 3 11
k I 9. _1 A J. I J. I A
5 9 12 10 5 13 6 lii 3 Hi
0 9_7_2?_9 kJ7 3__6
5708711127 6 122_2 0 27_8j£l i_l
11 13 1 9 10 10 15 8 17 8
_9_6l 3_2J. _8 6 _9 0
7 13 10 9 11 12 15 13 16 186_7 326 9 9 8 8 9
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DIVISION
2.
3.
k.
^,
6.
7.
8.
9,
10.
11.
12.
13.
lU.
15.
2W
11^
UTU
313
979
2T5
3l9
ITU
875
670
777
3712
37^
U720
672II
hl2Jl
6730
272
9727
77^
172
87^
97IIF
175^
772B
67IH
hW
QW
hW
271^
77^
372ir
371F
87II0
8732
2710
i7r
67^
2712
270
5720
57F
970
27^
67I2
973^
9772
97^
8772"
673^
173
87IIH
177-
771II
57IIF
111
573F
572I
872II
971H
27111
97^
U712
67F5
U732
371H
9W
67W
773^
370
77119
87311
810
271H
372I
77^
77TI2
i
PROMOTION TEST
Add the following:
$27. U3 $12. 9U $90.0^ 2168 82635
16.67 3.86 6^.28 h06$ k97lQ
Subtract the following:
$60.03 $82.00 750U3 1^3000 90000
10.76 hh»lQ 3ii589 100^2 22139
Multiply the following:
$1.2h 38 6h3 1829 $3.69
7 29 8ii 6 2U7
Divide the followj.ng:
7)6| Q)3l6l 32 )23Qli 2^m,Q$

I



